The order-order transition temperature (T OOT in blends of poly(styrene-b-isoprene-b-styrene) (S-I-S) triblock copolymer and polyisoprene (PI) homopolymer was investigated by using synchrotron small-angle X-ray scattering (SAXS). Pure triblock copolymer undergoes an order-order transition (OOT) from hexagonally ordered cylinder (HEX) to body centered cubic (BCC) phases. In order to investigate the effect of the molecular weight of the added homopolymer on T OOT of the triblock copolymer, various low-molecular-weight PI homopolymers were studied. The results revealed that T OOT was affected by the PI molecular weight. T OOT was reduced for blends having low-molecular-weight PI.
INTRODUCTION
Block copolymers self-assemble into a variety of ordered nanostructures due to unfavorable interaction between the two different blocks. [1] [2] By varying the composition of the block copolymers and the temperature, these nanostructures can be controlled and various order-order transitions (OOT) and order-disorder transitions (ODT) can occur. During the past decade, scattering and rheological methods have been used to investigate OOT between different kinds of microdomain structures of a block copolymer. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Sakamoto et al. and Kim et al. reported OOT from hexagonally ordered cylinders (HEX) to body centered cubic (BCC) phases in poly(styrene-b-isopreneb-styrene) (S-I-S) copolymer using small-angle X-ray scattering (SAXS) and rheological measurements. [3] [4] [5] [6] [7] [8] [9] [10] When a homopolymer is just soluble in selective block component, the nanostructure and OOT of the blends are changed. [13] [14] [15] However, previous investigations have mainly focused on the effect of the volume fraction of the homopolymer on the OOT of blends. Few studies have dealt with the effect of the molecular weight of the added homopolymer on OOT at a fixed composition. 21 In this study, we examined the effects of homopolymer molecular * Authors to whom correspondence should be addressed.
weight on OOT in blends of S-I-S triblock copolymer and polyisoprene (PI) homopolymer.
EXPERIMENTAL DETAILS

Materials
The samples were mixtures of S-I-S triblock copolymer (Vector 4111, Dexco Polymers Co. M w = 1 4 × 10 5 with styrene wt% = 18 3 and styrene vol% = 16.4) and with a small amount of added PI (Polyscience INC). The characteristics of the S-I-S triblock copolymer used are listed in Table I . Blend samples with various PS from 0.158 to 0.164 were prepared by dissolving a predetermined amount of each copolymer in toluene in the presence of an antioxidant (Irganox 1010, Ciba-Geigy Group) and then slowly evaporating the solvent at room temperature. After completely removing the last trace of the solvent, the samples were further annealed at 140 C for 5 days. Detailed sample information is listed in Table II . The blend samples were designated by a sample label followed by their weight percentages, as in "S-I-S/PI1K (98/2)."
SAXS Experiment
Synchrotron SAXS measurement was performed at the 4C1 X-ray beam line of the Pohang Accelerator Laboratory (PAL), Korea (X-ray wavelength was 1.608 Å).
A two-dimensional CCD detector (Princeton Applied Research) was located at the distance of 2.1 m from the sample. A beam path was maintained under vacuum to reduce air scattering, and the measured intensity was corrected for background scattering and detector noise. Each sample was heated from room temperature to a temperature far above the OOT temperature (T OOT at a heating rate of 1 C/min. During the heating run, each sample was maintained for 20 min at a specific temperature to obtain thermal equilibrium. Figure 1 shows the SAXS profiles of a representative blend, S-I-S/PI1K (98/2) (with a total volume fraction of styrene in the blends, PS , of 0.158) at different temperatures during the heating process. The profiles were plotted in semi logarithmic scale against the magnitude of the scattering vector, q, defined by q = 4 −1 sin /2), where and are the wavelength of the incident X-ray and the scattering angle, respectively. At room temperature, the blend had an HEX structure with a peak position ratio of 1: √ 3: √ 4 against the first-order scattering peak. At 170 C, the scattering profile showed a new peak at the peak position ratio of √ 2, indicated by the arrow, which suggested the initial transformation from HEX to BCC phase. After subsequent heating to 176 C the SAXS pattern clearly exhibited three peaks at the 1: √ 2: √ 3 position, indicating the complete transformation from HEX to BCC phases.
RESULTS AND DISCUSSION
When a small amount of PI is added to the S-I-S triblock copolymer, it is difficult to define the exact position of T OOT using the SAXS profile. To increase the sensitivity of the SAXS data near T OOT , a plot of the reciprocal first-order scattering maximum (1/I m as a function of the reciprocal absolute temperature (1/T is useful 22 Figure 2 presents the plots of 1/I m versus 1/T for the blends and the pure S-I-S triblock copolymer. In this figure, the value of T OOT can be defined by the maximum position of the quadratic curve in the 1/I m versus 1/T plots. T OOT of S-I-S/PI1K (99/1) was 177.4 C, which was 4.6 C lower than that of the pure S-I-S triblock copolymer. T OOT of S-I-S/PI1K (98/2) was 174.5 C which was 2.9 C lower than those of the blend containing with 1 wt% PI. These values were in good agreement with those determined from the SAXS profile. On the other hand, T OOT values of S-I-S/PI30K (99/1) and S-I-S/PI30K (99/2) were 180 C and 177 C, respectively, and were higher than those of the blends containing with PI1K. Figure 3 shows the interdomain distances, D = 2 /q * , against the reciprocal absolute temperature (1/T for mixtures of S-I-S/PI between 150 C and 220 C. D exhibited a discontinuous change at the OOT region as the temperature increases, which is consistent with T OOT determined from the change of 1/I m as a function of 1/T , as shown in Figure 2 . 23 The change of T OOT was related to the molecular weight of the added PI. The D values of S-I-S/PI blends were slightly shifted to lower values compared with those of pure S-I-S triblock copolymer. Winey et al. reported a decrease in the microdomain spacing of block copolymers with homopolymer addition. 24 In the blend system of poly(styrene-b-isoprene) (S-I)/PS, they found that lowmolecular-weight PS (about 2 K) decreased D of the microdomain structure of S-I, which was attributed to the uniform localization of the low-molecular-weight PS homopolymer between the junction points at the PS-PI interfaces. Thus, the addition of low-molecular-weight PI homopolymer induces a slight lateral contraction of the PI domain of the S-I-S triblock copolymer. Figure 4 shows a phase diagram of the S-I-S/PI blends with different molecular weight of PI. The PI weight fraction of the blend was converted to the overall isoprene volume fraction PI . When the molecular weight of PI is sufficiently low compared with that of S-I-S, it tends to dissolve completely into the PI microdomain of S-I-S. In the phase diagram, T OOT of the block copolymer decreased with increasing PI volume fraction and decreasing molecular weight. The addition of PI to S-I-S induced a more asymmetric composition in the block copolymer, thereby decreasing OOT. The addition of high-molecular-weight homopolymer increased the T OOT of the blends, which was attributed to the variation of product N , the quantity that controls the degree of segregation between two blocks in the S-I-S/PI blend. The high-molecular-weight homopolymer tends to form a well-defined microstructure by localization at the center of the corresponding domain. 25 Thus, the addition of highmolecular-weight PI increased the degree of segregation, whereas the addition of low-molecular-weight PI to the block copolymer tended to disorder the nanostructure due to the tendency of small PI to distribute uniformly throughout the block copolymer melt. This was confirmed by the different tendency of D depending on the molecular weight of the added PI, as shown in Figure 3 . Moreover, the addition of low-molecular-weight PI may have exerted a reduction effect on the mean molecular weight of the block copolymer. Thus, the addition of low-molecular-weight PI decreased the segregation temperature and, therefore, T OOT .
CONCLUSIONS
The order-order phase transition induced by homopolymers was investigated in the S-I-S/PI blends. For the binary mixtures with low molecular weight of PI (≤2 wt%), the morphological transitions of a block copolymer depended on the molecular weight of the added homopolymer. The low-molecular-weight PI tended to decrease T OOT of the block copolymer. This effect of homopolymer addition on T OOT was explained by the variation of product N , which is the quantity that controls the degree of segregation between the two blocks of the S-I-S/PI blends.
